Pex13p: Docking or cargo handling protein?  by Williams, Chris & Distel, Ben
Biochimica et Biophysica Acta 1763 (2006) 1585–1591
www.elsevier.com/locate/bbamcrReview
Pex13p: Docking or cargo handling protein?
Chris Williams, Ben Distel ⁎
Department of Medical Biochemistry, Academic Medical Center, Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands
Received 5 May 2006; received in revised form 5 September 2006; accepted 6 September 2006
Available online 14 September 2006Abstract
The Src homology 3 (SH3) domain-containing peroxisomal membrane protein Pex13p is an essential component of the import machinery for
matrix proteins and forms a binding site for the peroxisomal targeting type I (PTS1) receptor Pex5p. The interaction between these two proteins
can be described as novel in several ways. In the yeasts Saccharomyces cerevisiae and Pichia pastoris, the SH3 domain itself is responsible for
the interaction but not via the typical P-x-x-P motifs that are common to SH3 ligands as Pex5p lacks such a motif. Instead, a region of Pex5p
containing a W-x-x-x-F/Y motif is crucial for this binding. In mammals, again W-x-x-x-F/Y motifs appear to be important for the interaction but
the SH3 domain seems not to be the site for Pex5p binding, this being located in the N-terminus of Pex13p. Despite these differences in the details
of the Pex13p–Pex5p interaction, the association of the two proteins is a crucial step in Pex5p-mediated protein import into peroxisomes in both
yeasts and mammals.
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After Pex5p has recognised and bound its PTS1-containing
cargo protein in the cytosol, there is still a long journey ahead
before this cargo sees its final destination, the peroxisomal
matrix. One of the initial steps on this journey and, arguably,
one of the most essential, is that of association with the
peroxisomal membrane. For this, a docking platform situated on
the cytosolic side of the peroxisomal membrane is required. So
far, three proteins have been identified as potential components
of this platform: Pex13p, Pex14p and Pex17p [1–10]. Of these
three proteins, Pex17p has, up until this point, only been
identified in yeast and its actual function in the docking process
still remains enigmatic [7]. The other two components, Pex13p
and Pex14p, have been identified in all organisms where
peroxisomes (or peroxisome like organelles) are found and in
each case they were shown to be essential for both PTS1- and
PTS2-mediated protein import (reviewed in [11]). Pex13p and
Pex14p are capable of interacting with each other, as well as
with the cycling receptors Pex7p and Pex5p [1–6,12–17].
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doi:10.1016/j.bbamcr.2006.09.007of the import of both PTS1 and PTS2 proteins, namely, the
association of the cargo-bound receptor with the peroxisomal
membrane. However, the actual details of these interactions are
far from clear and can be highly variable depending on the
species under observation. The interaction between Pex5p and
Pex13p is a much-studied process, both in yeasts and mammals
and with the aid of a variety of techniques. Here we will discuss
different aspects of this interaction and its role in Pex5p-
mediated protein import into peroxisomes.
2. Pex13p: the original docking protein
PEX13 was originally isolated as a peroxisome assembly
(pas) mutant in yeast using random mutagenesis screening and
given the names pas20 in S. cerevisiae [18] and pas6-1 in P.
pastoris [19]. Initial characterisation revealed that these mutants
were disturbed in the import into peroxisomes of the PTS1-
containing protein catalase and that cells with these mutations
could not grow on media containing methanol/oleic acid as sole
carbon source, conditions where functional peroxisomes are
critical. Since its initial isolation in yeast, Pex13p has been
identified in a variety of other eukaryotes. Sequence alignment
revealed that the overall amino acid conservation throughout
evolution is not high, but that the domain structure is well
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and they all contain an Src homology 3 (SH3) domain in the
extreme C-terminal region (Fig. 1). An obvious role for a
protein containing two transmembrane domains that is essential
for PTS1 protein import would be in the docking of a cargo-
laden receptor onto the peroxisomal membrane or in the
translocation of PTS1-containing proteins into the peroxisomal
matrix or both. Indeed, localisation studies confirmed that
Pex13p is peroxisome-associated and biochemical assays
showed that it behaves as an integral membrane protein,
being resistant to both high salt and high pH treatment [3,4,6]. It
was also shown that the SH3 domain is cytoplasmically oriented
and essential for Pex13p function, its absence leading to a
similar phenotype as that of a complete PEX13 deletion i.e. the
inability to grow on methanol containing media [6]. The
observation that in the absence of Pex13p, the amount of Pex5p
associated with peroxisomes is 40 times less than in the wild
type situation, again strengthened the claim that Pex13p might
be a docking factor for the PTS1 receptor Pex5p [6]. However
this, apparently, is not its only function as pex13Δ cells also
mislocalise the PTS2 protein 3-ketoacyl-CoA thiolase to the
cytosol, giving us the first indication that the PTS1 and PTS2
pathways may converge at the peroxisomal membrane, and that
Pex13p might represent this point of convergence. Later studies,
however, have assigned this role to Pex13p's fellow dockingFig. 1. (A) Domain structure of the PTS1 receptor Pex5p and the docking factors Pex
(red) and mammals (blue). Binding sites that are not precisely mapped are indicated b
shown. Only one WxxxF/Y motif in the N-terminal half of Pex5p is shown, but the n
repeat; TM, transmembrane domain; CC, coiled-coil domain; PxxP, proline-rich SH3
sequence alignment of Pex13p SH3 domains. The positions of the secondary struc
connecting these elements, are indicated above the alignment. Also shown is the add
domain. The SH3 domain sequence of four different Pex13 proteins is compared wi
residues are highlighted in orange and residues involved in binding the canonical PxxP
when mutated specifically affect the interaction with Pex14p (magenta) and Pex5p
Cricetulus longicaudatus; Gg, Gallus gallus; Hs, Homo sapiens. See text for detailsfactor Pex14p [1], posing the question as to what the function of
Pex13p is in the process of peroxisomal matrix protein import.
Before addressing this issue we will first discuss the multiple
interactions Pex13p is involved in, focussing on Pex13p's most
distinctive feature, the SH3 domain.
3. The Pex13p SH3 domain: a protein–protein interaction
module
The function of most proteins is, for a large part, defined
by their ability to interact with other cellular components and
the identification of interacting partners can give considerable
information about the function of the protein in question.
Any docking protein involved in PTS1 and PTS2 protein
import would be expected to have multiple interactions with
other proteins involved in the import process. Yeast two-
hybrid analysis and, later on, in vitro binding studies gave us
the first ideas about a protein-linkage map for Pex13p, which
consists of the docking factor Pex14p, the PTS1 import
receptor Pex5p and the PTS2 import receptor Pex7p. Of the
latter interaction, little is known other than that it is a direct
interaction and that the N-terminal region of Pex13p would
appear to be the binding site in both yeast and mammals
[14,20,21]. Removal of the Pex7p binding site in S.
cerevisiae Pex13p resulted in a PTS2 but not a PTS1 import13p and Pex14p. Arrows indicate interactions among the three proteins in yeasts
y question marks. For clarity, the interactions between Pex5p and Pex14p are not
umber (n) can vary between 2 (yeasts) and 7 (mammals). TPR, tetratrico peptide
binding motif; SH3, Src homology 3 domain. (B) Secondary structure and multi-
tural elements (ß strands and 310 helixes) and the RT, n-Src and distal loops,
itional short 310 helix present in the N-terminus of the S. cerevisiae Pex13p SH3
th the amino acid sequences of several representative SH3 domains. Conserved
motif are boxed. Arrowheads indicate residues in S. cerevisiae Pex13p SH3 that
(green), respectively. Sc, Saccharomyces cerevisiae; Pp, Pichia pastoris; Cl,
.
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are separate [21].
Early in the Pex13p story, it was clear that the SH3
domain would have a pivotal role in these interactions, as it is
a well-known protein–protein interaction module and its
presence is essential for Pex13p function. Indeed, two SH3
domain ligands have been identified: Pex14p and Pex5p. To
understand the molecular details of the Pex13p SH3–Pex5p/
Pex14p interaction some general knowledge about SH3
domain structure and ligand binding is needed. SH3 domains
have been found in a huge range of proteins across the
evolutionary board. Approximately 60 amino acids in length
and retaining a high level of sequence similarity, especially
among residues involved in ligand recognition, SH3 domains
are known to mediate protein–protein interactions involved in
several cellular processes including cytoskeletal organisation,
signal transduction and protein localisation (reviewed in
[22,23]). Not only is their primary structure well conserved,
the topology is also very similar throughout the family,
consisting of a tightly packed five stranded β-barrel fold
surrounded by three variable loops, known as the RT, n-Src
and the distal-loop (Figs. 1 and 2). The ligand-binding surface
of the SH3 domain consists of an elongated patch of aromatic
residues, that form a hydrophobic cleft well suited to
accommodate the typical SH3 ligand, consisting of a
proline-rich or poly-L-proline (PP) region in the binding
partner. Upon binding, these PP motifs adopt a so-called
polyproline type II helix. PP motifs come in two main types,Fig. 2. The Pex14p and Pex5p binding sites are located at opposite surfaces of the S.
(green) are shown in surface (A and C) and ribbon (B and D) representations, respec
stick presentation. Modified from [28]. See text for details.type I (PP-I) and type II (PP-II) and contain a core P-x-x-P
motif (where x represents any amino acid) and ancillary, often
positively-charged, residues present in front or behind this
core module [24,25]. These positive charges adjacent to the
P-x-x-P motif contribute to the affinity and specificity of the
SH3–ligand interaction by contacting negatively charged
residues in the RT loop of the SH3 domain. The PP-I class
conforms to the consensus R-x-x-P-x-x-P while the PP-II
class possesses a P-x-x-P-x-R motif. Other sequences are also
possible, with P-x-x-D-Y and R-K-x-x-Y-x-x-Y both capable
of contacting the canonical hydrophobic binding pocket on
SH3 domains [26,27].
4. The Janus face of the Pex13p SH3 domain
4.1. The interaction with Pex14p
X-ray crystallography and Nuclear Magnetic Resonance
(NMR) spectroscopy have shown that the SH3 domain of S.
cerevisiae Pex13p is very similar to its family-members,
consisting of the five stranded β-barrel and three loop regions,
including the typical hydrophobic cleft, involved in P-x-x-P
recognition [28,29]. However, an extra 310 helix at the N-
terminus as well as several additional residues present in the RT
and n-Src loops that are not found in other SH3 domains were
also observed (Fig. 1). These extra residues in the loops have
been suggested to play a role in separating the binding sites for
Pex5p and Pex14p [28] (see below). Looking at the SH3cerevisiae Pex13p SH3 domain. Binding sites for Pex14p (magenta) and Pex5p
tively. Side chains of residues involved in ligand binding are shown in ball-and-
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Pex14p contains a well-conserved PP-II motif. Mutation of the
two conserved proline residues in yeast Pex14p confirmed that
this motif was responsible for the interaction between Pex14p
and the SH3 domain [14]. Also, mutations of a well-conserved
tryptophane residue (W349A) found in the hydrophobic cleft of
the SH3 domain and a glutamic acid residue (E320K) in the RT
loop abrogate the Pex14p–Pex13p SH3 interaction [13,14]. Co-
crystal structures of the SH3 domain with a dodeca-peptide of
Pex14p containing the P-x-x-P motif as well as NMR chemical
shift experiments with a similar but larger Pex14p peptide again
verified that the interaction between Pex14p and the SH3
domain of Pex13p is typical of that between SH3 domains and
proline-rich ligands, with residues in the RT and n-Src loops
playing an important role [28,29]. Taken the above, it is
amazing that, in vivo, mutation of the P-x-x-P motif (into A-x-
x-A) in S. cerevisiae Pex14p does not result in a growth defect
on oleate medium [14]. In particular since the Pex13p SH3
mutant E320K, which is specifically disturbed in its interaction
with Pex14p but not with other proteins, does give rise to a
growth defect on oleate, although the mislocalisation of PTS1
and PTS2 proteins is not as severe as that observed in a pex13
knockout [3]. Recent observations however have shed new light
on the details of the Pex13p–Pex14p interaction, namely that
Pex13p contains a second binding site for Pex14p in-between
the two transmembrane regions [30]. This interaction, when
disturbed, appears to have little effect on the import of matrix
proteins and does not result in a growth defect on oleate.
However, when the two independent Pex14p binding sites in
Pex13p are mutated, the import of both PTS1 and PTS2 proteins
is considerably less efficient than in cells with either of the
single mutants, suggesting that the Pex13p–Pex14p interaction
may be important but not essential for import. A possible
explanation for this observation is that Pex5p, the other protein
shown to interact with the SH3 domain of Pex13p, might play a
role in the interaction between Pex14p and Pex13p by acting as
a bridge. Indeed Schell-Steven and co-workers [30] report that
the import of PTS2 proteins, a process that is independent of
Pex5p, is disturbed when the Pex14p binding sites in Pex13p
are mutated and Pex5p is no longer present. Collectively, these
data indicate that the association of Pex13p with Pex14p is
mediated by multiple direct and indirect interactions and that
blocking all these interactions completely abrogates peroxi-
somal matrix protein import.
4.2. The interaction with Pex5p
The binding of Pex5p to Pex13p, however, is a very different
story from that of Pex14p. Being a well-known protein
interaction module, the SH3 domain of yeast Pex13p was
used as bait in two-hybrid screens, either against a limited
library consisting of known Pex proteins [4] or a full-genome
library [3]. In both screens Pex5p turned-up as a ligand of the
Pex13p SH3 domain and further two-hybrid and in vitro
binding studies confirmed that the Pex5p–SH3 interaction is
specific and direct. Surprisingly, yeast Pex5p appeared to lack
the classical SH3 binding motif, P-x-x-P, and such a sequencewas also not present in Pex5p from other species. At first sight,
this may not be cause for concern as variations in the P-x-x-P
motif have been observed (for example P-x-x-D-Y, see above)
but still with the ability to interact with SH3 domains. Deletions
of P. pastoris Pex5p gave a peptide containing residues 100–
213 as the minimum Pex13p SH3 binding domain, a region
lacking any recognisable P-x-x-P-like motifs [17]. The specific
residues involved in the interaction were found by random
mutagenesis of S. cerevisiae Pex5p, followed by screening of
the mutants for loss of interaction with Pex13p SH3 in a two-
hybrid assay [13]. This resulted in 5 mutants that had lost the
ability to interact with Pex13p SH3 but retained binding to other
Pex and PTS1 proteins. Sequencing the constructs showed that,
although all mutants contained multiple substitutions, the
glutamic acid at position 212 was found mutated in three
independent clones (either to a valine or a glycine) while the
other two clones contained substitutions in the same region
namely, phenylalanine 208 to leucine (F208L) and glutamic
acid 214 to glycine (E214G). Site directed mutagenesis to make
the individual mutants E212V and F208L confirmed that this
region of Pex5p is important for the binding with the Pex13p
SH3 domain. Closer examination of this region of Pex5p shows
that, although lacking a typical P-x-x-P motif, the sequence
P203WTDQ207 is present, which shares some homology with P-
x-x-D-Y, a P-x-x-P motif variant that can contact SH3 domains
through the classical hydrophobic binding cleft (see above).
However, alanine scanning of the region of Pex5p between
residues 203 and 214 followed by two-hybrid analysis indicated
that proline 203 was not involved, suggesting that the Pex5p–
Pex13 SH3 interaction is a novel, non P-x-x-P motif-mediated
process [12]. The same alanine scanning experiment resulted in
several mutants that could no longer interact with the SH3
domain, namely W204A and again, F208A and E212A. The
ability of two other mutants, L211A and E214A, to interact with
the SH3 domain was reduced but not abolished. All of these
mutants retained the ability to interact with Pex14p and MDH3,
a PTS1 protein, indicating that the effect was specific for the
Pex13p interaction. This leaves with the potential recognition
sequence W-x-x-x-F-x-x-L-E-x-E, quite different from the
typical P-x-x-P motif found in Pex14p.
The residues W204 and F208 make up another well-known
protein motif, the W-x-x-x-F/Y motif. These motifs are very
well conserved throughout the Pex5p family and are often
present in multiple copies, ranging from 2 in S. cerevisiae to 7
in humans. They have been shown to play a role in the
interaction between Pex14p and Pex5p although this depends
very much upon the specific motif and the species under
observation, with some W-x-x-x-F/Y motifs being essential for
binding and others, apparently, not being involved at all
[16,20,31]. This would appear to be the case with the motif
W204TDQF208 in S. cerevisiae Pex5p, as mutation of either the
tryptophane or phenlyalanine does not abolish the interaction
with Pex14p but does effect the Pex13p SH3 interaction
[12,13]. A close look at the peptide of P. pastoris that interacts
with the SH3 domain (amino acids 100–213) reveals three
separate W-x-x-x-F/Y motifs all of which are followed within
4–5 amino acids by a glutamic or aspartic acid, suggesting that
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this organism as well. Does this then mean that W-x-x-x-F/Y
motifs can be added to the list of potential SH3 ligands along
with P-x-x-P motifs? Yes, but there is an interesting twist to the
story. The S. cerevisiae Pex13p SH3 mutant E320K has already
been mentioned as it lacks the ability to interact with Pex14p as
this residue is involved in P-x-x-P motif recognition. If the
binding between Pex13p SH3 and Pex5p would resemble that
of the binding between Pex14p and Pex13p, then it might be
expected that this mutant would also be disturbed in the Pex5p
interaction, which is not the case [13,14]. The same is seen with
the W349A mutation in the hydrophobic binding pocket of
Pex13p SH3. This mutant cannot interact with Pex14p but
retains, albeit reduced, the ability to interact with Pex5p [13].
These observations led away from the typical P-x-x-P motif
recognition site being involved in Pex5p binding and pointed
towards the possibility that another, novel binding site may be
present in the Pex13p SH3 domain. In line with this suggestion
it was found that in an in vitro competition assay, a peptide of
Pex5p and Pex14p can interact with Pex13p SH3 simulta-
neously and do not compete with each other for binding [12].
The first indication as to the position of the Pex5p binding site
in the S. cerevisiae Pex13p SH3 domain came from suppressor
mutation analysis [12]. Random mutagenesis of the SH3
domain resulted in several mutants that were able to rescue
the interaction with the mutant forms of Pex5p no longer
capable of binding to the wild type SH3 domain in the two-
hybrid. These mutants (N321Y/I, R353G, E323V and K355R),
are not clustered over a small region, but are found in both the
RT and the distal loops and, significantly, have no effect on the
capability of the SH3 domain to interact with Pex14p. The RT
loop has already been implicated in the binding of SH3 domains
to P-x-x-P ligands but the distal loop appears to play no direct
role in this binding. The presence of two suppressor mutations
in this region indicated that Pex5p binding might take place
here.
NMR analysis of the binding between Pex13p SH3 and both
Pex5p and Pex14p did indeed confirm, as expected, that these
two binding sites could be found in different parts of the SH3
domain, although some overlap was also observed [28,29,32]
(Fig. 2). The binding of Pex14p was typical for that of the
characterised SH3-P-x-x-P motif interaction (see above). The
binding of Pex5p to the SH3 domain was considerably different,
with large chemical shifts observed in the first, second and third
β-sheet elements as well as part of the distal and RT loops.
These results also confirmed that the two residues from the
distal loop (R353 and K355) identified in the suppressor screen
were specifically involved in the Pex5p interaction, as they
underwent strong chemical shifts in the presence of the Pex5
peptide but not the Pex14 peptide. The other residues that are
part of the Pex5p binding site are F310 (β1), L333 and A335
(both β2). Most of these residues are not, as might be expected,
conserved in the SH3 domain family but, rather surprisingly,
they are also not well conserved in the mammalian Pex13p SH3
domains (see Fig. 1). This may indicate that this novel binding
site for Pex5p on the Pex13p SH3 domain is specific for yeasts
and is not present in mammals. Indeed, the Chinese hamsterPex5p (and, therefore very likely other mammalian Pex5p's as
well) does not interact with the SH3 domain of the corres-
ponding Pex13p. Instead, a region of the Pex13p N-terminus,
corresponding to the Pex7p binding site appears to be the
location for the interaction [20]. The SH3 domain, however,
functions much like its yeast counterparts in binding to Pex14p,
presumably via the P-x-x-P motif present in Pex14p although
this remains to be seen [20]. Amazingly, the interaction between
Pex5p and Pex13p appears to be mediated by the presence of
W-x-x-x-F/Y motifs in Pex5p, just like the situation in S.
cerevisiae. And again, these W-x-x-x-F/Y motifs are highly
variable in their function, with some being essential for Pex13p
binding, others for Pex14p binding and some for both. Although
the P. pastoris Pex13p SH3 domain reveals a strict conservation
of the residues that form the Pex5p binding site (see Fig. 1),
several mutants in this SH3 domain show a rather unexpected
behaviour. The mutant E291K is considerably reduced in its
ability to interact with Pex5p but not Pex14p [17]. This position
corresponds to glutamic acid 320 in the S. cerevisiae SH3
domain, where a mutation to a lysine (E320K) has the opposite
effect, specifically disturbing the interaction with Pex14p [13].
Also, a P. pastoris Pex5 peptide is capable of competing with
Pex14p for binding to the SH3 domain, indicating that the
binding sites for both proteins may, at least partially, overlap
[17]. The reasons for such diversity between the different
species are not clear and, until further more in depth study is
performed on the interaction between Pex13p and Pex5p in P.
pastoris and mammals will remain so.
5. So many interactions, but what is the actual function of
Pex13p?
Pex13p's location on the peroxisomal membrane, its
interaction with both PTS receptors and the fact that it is
essential for both PTS1 and PTS2 protein import make it an
extremely interesting protein and suggested that the function
might be in docking. This fact was compounded by its ability to
interact with multiple partners, which include Pex14p, Pex5p
and Pex7p, all proteins involved in the import of peroxisomal
matrix proteins. But, to call it just a docking factor is to over
simplify the matter. Several lines of evidence suggest that
Pex14p is the initial docking factor responsible for the first
contact of the cargo-bound receptor with the peroxisomal
membrane. This would mean that Pex13p is essential for a
process that happens directly after this initial association. Three
observations are in support of this: (i) in in vitro binding
experiments Otera et al. and Urqhuart et al. [17,20] found that
PTS1-loaded Pex5p interacts more strongly with Pex14p than
with Pex13p, (ii) the absence of Pex14p in CHO cells results in
a reduction in the amount of Pex5p associated with the
peroxisomal membrane, whereas overexpression of Pex14p
results in an increased amount of peroxisomal Pex5p [15] and
(iii) in biochemical isolation experiments the majority of
Pex13p does not co-purify with the presumed docking proteins
Pex14p and Pex17p [33,34]. However, the stochiometric
relationship between Pex13p and Pex14p is crucial for
functional protein import as overexpression of either protein
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both does not [13]. What the post-docking function of Pex13p
would entail is still a matter of speculation, but in all scenarios it
is assumed that the cargo-laden Pex5p is transferred from
Pex14p to Pex13p. This handing over of the receptor may be
either coupled to dissociation of the receptor–cargo complex
and subsequent translocation of the cargo protein or may
provide a means to by which the receptor is able to cycle back to
the cytoplasm, or possibly both. The only experimental
evidence supporting the view that Pex14p may not be the
initial docking site for Pex5p comes from work with the
methylotrophic yeast Hansenula polymorpha. It was shown
that in a H. polymorpha pex14Δ strain the PTS1 import
defect could be partially suppressed by overexpressing Pex5p
suggesting that under conditions of Pex5p excess Pex14p can be
bypassed and the receptor can reach the peroxisome [35].
Whether Pex13p plays an important role in Pex5p docking in
the pex14Δ strain was not addressed in this study. Moreover, in
S. cerevisiae overexpression of Pex5p using the oleate inducible
Catalase promoter and a multi-copy vector in a pex14Δ strain
does not rescue PTS1 import, either partially or completely,
indicating that Pex14p is not dispensable for Pex5p docking in
this organism (our unpublished observations). In conclusion,
there seem to be (at least) two binding sites for Pex5p at the
peroxisome membrane: Pex13p and Pex14p. The association of
Pex5p with Pex13p is mediated by W-x-x-x-F/Y motifs present
in the N-terminal half of Pex5p that contact either a novel
binding cleft on the SH3 domain of yeast Pex13p or the N-
terminus in the case of mammalian Pex13p. Whether Pex13p
functions in the initial receptor docking event or plays a role at a
later stage in peroxisomal matrix protein import is subject for
future studies, which most likely require the reconstitution of
the import process in vitro. Finally, it should be noted that
Pex13p is not only present in mature peroxisomes but also has
been detected in a specialized sub-domain of the endoplasmic
reticulum in mouse dendritic cells [36], structures that are
thought to be the origin of newly synthesized peroxisomes in a
cell [37]. It cannot be excluded therefore that Pex13p has a dual
function, and that in addition to its role in peroxisomal matrix
protein import, Pex13p is also involved in the early steps of
peroxisome biogenesis by contributing to the formation of the
specialized ER.
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